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INTRODUCTION
A reduced calorie intake extends the lifespan and increases resistance to age-related diseases in rodents and monkeys, as well as improving the health of overweight humans (Martin et al., 2006) by enhancing cardiovascular and brain functions and decreasing several risk factors for coronary artery disease and stroke. For example, a reduced calorie diet lowers blood pressure and enhances insulin sensitivity. In addition, rodents on a low calorie diet show improved cardiovascular stress adaptation and increased heart rate variability. Moreover, experimental rodent models of myocardial infarction and stroke on an intermittent fasting (IF) regimen exhibit increased resistance of heart and brain cells to ischemic injury. The beneficial effects of IF and caloric restriction (CR) result from at least two mechanisms, namely reduced oxidative damage and increased cellular stress resistance (Calabrese et al., 2008) . In the epidemiology of neurodegenerative diseases, the incidence of sporadic Parkinson's disease (PD) and suggested that restriction of calorie intake is crucial for the prevention of learning and memory deficits in different animal models (Komatsu et al., 2008) .
Collectively, data indicate that long-term reductions in energy intake during adult life protect the brain against diseases associated with ageing. Thus, energy restriction should be considered, together with exercise and cognitive enrichment, as an approach for reducing the risk of AD. A better understanding of the cellular and molecular mechanisms by which reduced calorie intake affects brain cells may lead to novel preventive and therapeutic strategies for extending life expectancy and for tackling neurodegenerative diseases. Here we studied a murine model of senescence (SAMP8)
under IF to delineate some of the pathways activated by this dietary strategy and elucidate their possible role in the prevention of senescence-related brain impairment
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
and the onset of AD. The pathway of sirtuin 1, a critical sinalling cascade involved in cell proliferation and survival, was of the main interest.
Materials and methods

Mice
Weaned male SAMP8 and senescence accelerated-resistant 1 (SAMR1 During all procedures, food intake and body weight was monitored.
Brain isolation and Western blot analysis
After 8 weeks of the IF protocol, mice were killed by decapitation between 9:00 and 12:00 h after a feeding day. A C C E P T E D M A N U S C R I P T 
Co-immunoprecipitation
For the co-immunoprecipitation experiment, total protein (50 µg) was brought to a final volume of 0.5 mL with PBS + 2% BSA and incubated with 4 µg of anti-FoxO1 total for 6 h at 4ºC. Immunocomplexes were captured by incubating the samples with protein A-agarose suspension overnight at 4ºC on a rocker platform. After microcentrifugation, the pellet was washed in 60 µl of SDS-PAGE sample buffer and boiled for 5 min at
100ºC. An aliquot of the supernatant was subjected to electrophoresis in 10% SDS-PAGE and immunoblotted with antibody against acetyl-lysine (1:1000, from Cell Signaling).
Extraction and Quantification of Total RNA
Total RNA isolation was carried out by means of the NucleoSpin® RNA II kit, following the manufacturer's instructions. Briefly, cell culture medium was removed and cells rinsed with PBS and lysed directly in the culture dish by adding lysis buffer containing β mercaptoethanol. For each preparation, one NucleoSpin® RNA II column Macherey-Nagel (Macherey-Nagel GmbH & Co. KG, Düren, Germany) was placed in a 2-mL centrifuge tube and the lysate was loaded. After centrifugation, 30 s at 8,000g, the column was desalted and loaded with 95 µL of DNAse I reaction mixture. After 15 min of digestion at room temperature, the RNA was eluted from the column and recovered in 50 µl H 2 O (RNAse-free). RNA content in the samples was measured at 260 nm and purity of the samples was determined by the A260/280 ratio and through ethidium bromide fluorescence of RNA resolved in 1% agarose gels. Samples were also tested in a bioanalyzer 2100B (Agilent Technologies, Santa Clara CA, USA) to determine the RNA Integrity Number (RIN).
Probe Preparation and Hybridization to low density arrays
The RNA used for the hybridization experiments was purified from a pool of brains taken from four mice from each experimental group. For cDNA synthesis, 10 µg of 
Data Acquisition and Analysis of Array Images
Hybridization data were obtained by using a scanner GenePix 4000B (Axon) and microarray data analysis was performed with the GenArise software, developed by the 
Reverse transcriptase-PCR
Total RNA was extracted from hippocampus tissue samples using Trizol reagent, following the manufacturer's instructions. Isolated RNA was treated with amplification grade DNase I for 7 min at room temperature to remove contaminant genomic DNA.
First-strand cDNA was reverse transcribed from 2 µg of total RNA using a First-Strand Synthesis System kit from Invitrogen. β-actin primers were designed to cross a large expanse of intronic sequence between exons 2 and 3 of the mouse gene. Primer nonreactivity with contaminating genomic DNA was tested by including controls that omitted the reverse transcriptase enzyme from the cDNA synthesis reaction (RTnegative controls). The lack of primer dimerization or non-specific PCR product bands was also tested.
Real-time PCR quantification using SYBR Green
Quantification of relative gene expression was performed by real-time quantitative PCR, using the ABI PRISM 7700 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Real-time PCR was carried out using a SYBR Green PCR kit.
Quantitative PCR was carried out using the following thermal cycling program. Stage 1 
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Statistical analysis
Data are expressed as the mean ± S.E.M. from at least eight samples. In all cases, data were analyzed by ANOVA followed by post-hoc Tukey-Kramer multiple-comparison tests. P values lower than 0.05 were considered significant.
RESULTS
At the end of the experimental protocol, the different experimental groups registered no significant changes in weight gain (data not shown). Weekly control of food intake was performed both in control and IF mice and was on average per week of 35 g and 28 g, respectively.
Microarray analysis were performed in order to simultaneously analyze the expression of several genes involved in signaling pathways related to oxidative stress,
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mitochondrial-related apoptosis, cell cycle proteins, sirtuin family, and other proteins associated with neurologic diseases, cell structure and general cell processes. Total of 62 genes were tested and the resultant z-scores were obtained from four independent experiments each performed in duplicate. Table 1 shows the list of genes included in teh array and difference in levels of gen expression (z-score) between the control SAMP8 and SAMR1, whereas Table 2 shows the list of genes included in the array and differences in levels of gene score (z-score) between the SAMP8 and SAMP8 mice.
Although the analysis software establishes that a z-score over 1. (Table 1) . On the other hand, in SAMP8 mice the expression of Gpx1 (-1.89), Jun (-1.76) and E2f1 (-1.57) were reduced and that of App increased (1.61) after intermittent fasting (Table 2) . Therefore, at least at transcription level, non-significant modifications in the genes tested were induced by IF in the SAMP8 model under our experimental strategy.
As show in Fig immunoprecipitation studies of this transcription factor indicated that, in non-fasted SAMP8 mice, the acetylated form of FoxO1 was significantly greater in SAMP8 than in SAMR1, while SAMP8 mice on the IF regimen showed a significant reduction of Ac-FoxO1 (Fig 2B) .
As a measure of the neuroprotective effect of IF in ageing, we chose two well-known markers of survival, namely the neurotrophic factor BDNF and HSP70, a marker of
neuronal survival. The expression of BDNF in SAMP8 was lower than in SAMR1 mice.
However, there was a significant increase in BDNF levels in IF-SAMP8 micecompared to SAMP8 mice (Fig 3A) . In our experimental conditions, samples from SAMP8 micedisplayed lower HSP70 expression than in SAMR1 mice. A significant recovery in HSP70 expression was noted in IF-SAMP8mice compared with SAMP8 mice, yielding similar values to SAMR1 mice (Fig 3B) .
In reference to hallmark proteins of AD, we studied the expression of p-tau Ser 199 , p-GSK3ß Tyr 216 and ADAM10. A significant reduction in tau hyperphosphorylation in IF-SAMP8 was detected in comparison to SAMP8 mice (Fig. 4A) . Accordingly, IF induced a decrease in p-GSK3ß Tyr 216 , which represents the active form of this kinase (Fig. 3A) . SAMP8 mice had a significantly lower expression of ADAM10 compared to SAMR1 mice; however, the expression of this protein was recovered in IF-SAMP8 mice( Fig 4B) .
In addition, we studied p-FoxO1 and p-JNK as indicators of neurodegenerative processes. No changes were observed in IF-SAMR1 mice compared with SAMR1mice, but a significant variation in p-FoxO1 and p-JNK was detected between IF-SAMP8 mice and SAMP8 mice (Fig 5) , similarly to levels displayed in SAMR1 mice.
DISCUSSION
Restricted calorie intake ameliorates senescence-related diseases such as AD and metabolic syndrome in several systems and experimental models, including humans. Our findings show that IF increases sirtuin 1 protein expression and reduces the mRNA levels in SAMP8 mice, indicating a stabilization of protein after a reduction in food intake.
In accordance with previous results (Gutierrez-Cuesta et al., 2008), SAMP8 mice presented higher acetylated NFκB than SAMR1 mice. As a result of the increase in sirtuin 1 protein expression, some of the protein's targets, such as NFκB or FoxO1, were more deacetylated in IF-SAMP8 than in control SAMP8 mice. These results
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correlate with an increase in pro-survival signals or factors, such as BDNF or HSP70.
The relationship between BDNF, HSP70 and sirtuin 1 has been described in several 
In conclusion, IF activated the sirtuin 1 pathway, a critical signaling cascade involved in longevity and cellular health in the senescence-accelerated model used in this study.
Moreover, this dietary regimen reduced some of the death signals implicated in neuronal death and ageing processes. These findings corroborate the results of other authors using distinct animal senescence models or other dietary/pharmacological strategies to activate the sirtuin 1 pathway. Our data indicate that dietary strategies or the modulation of the cellular system could provide potential approaches to slow the ageing process, thereby reducing frailty and improving health in old age. Data represent means ± SD of 6-8 mice. **p<0.01 vs. CT R1; #p<0.05; ###p<0.001 vs.
CT P8. 
